Background Non-vitamin K oral antagonists are being increasingly used. However, broad clinical experience with them is lacking. Objectives To review guidelines and evidence for the use of non-vitamin K oral antagonists in the periprocedural environment.
InTROduCTIOn
Vitamin K antagonists (VKAs) have been the mainstay of oral anticoagulant therapy for decades. However, VKAs interact with a large number of drugs, have variable interindividual responses and narrow therapeutic indexes, so they require laboratory monitoring. 1 Non-vitamin K oral antagonists (NOACs) include dabigatran, a factor IIa inhibitor, as well as rivaroxaban and apixaban, which are factor Xa inhibitors. They are non-inferior to warfarin in efficacy for stroke prophylaxis in atrial fibrillation (AF) and for the treatment of venous thromboembolism (VTE). The last chest guideline for antithrombotic therapy for VTE disease suggests the use of dabigatran, rivaroxaban or apixaban rather than VKAs as anticoagulant therapy in patients with deep vein thrombosis of the leg or pulmonary embolism and no cancer. 2 Moreover, these drugs have proved to be at least as safe as warfarin in their effect on major bleeding. 3 The Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) randomised trial demonstrated that both dabigatran and warfarin are associated with similar rates of perioperative bleeding and thrombotic complications, even among patients having urgent or major surgery. 4 The authors of this study argue that in patients undergoing invasive procedures, one of the key advantages of dabigatran in comparison with warfarin is its short half-life, which enables dabigatran to be continued in many patients up to 24 to 48 hours before the procedure. This ensures adequate haemostasis at the time of surgery, while reducing thromboembolic and heparin bridging complications and associated costs. 4 Experts find periprocedural management of VKAs to be clear-cut while their opinions about management of NOACs appear to differ, remaining ambiguous and complex. 3 It has been reported that NOACs, with their rapid onset and offset of anticoagulant effect due to their short half-lives, should allow for a safer and shorter period of drug cessation before procedures in patients with normal renal and hepatic function. 5 Mar et al 3 report that the use of NOACs has advantages over use of VKAs in the periprocedural setting because they provide predictable levels of anticoagulation, they have fewer drug-drug interactions and they are rapidly cleared from the body in a normal renal function setting. 6 However, there are several uncertainties about the optimal preoperative approach with NOACs: limited data in patients with renal insufficiency and interindividual variability in some pharmacokinetic parameters. 7 In addition, the use of classic coagulation tests cannot quantify their anticoagulant effect, and experience with reversal agents is limited. As new data from clinical trials are published, several authors have now begun to point out emerging risks with the use of these drugs. 8 9 Clinical practice in particular patient populations, such as older adults and patients with renal impairment, has shown an increased risk of bleeding and drug interactions. 10 11 There is no universal strategy for perioperative anticoagulation with NOAC therapy. 1 It is dependent on bleeding risk, consequences of bleeding, thrombotic risk associated with stopping anticoagulation and its consequences, as well as the effectiveness of the bridging protocol. 12 Bridging anticoagulation refers to the temporary interruption of oral anticoagulation and the introduction of a short-acting anticoagulant, such as low-molecular-weight heparin (LMWH) or unfractionated heparin, to allow surgical or invasive procedures. It has been suggested that procedures should be performed when serum drug levels are lowest or, that one dose should be omitted and then medications restarted after the procedure, provided that there are no concerns about bleeding. 7 The European Heart Rhythm Association (EHRA) recommends 'the development of an institutional guideline and a hospital-wide policy concerning perioperative anticoagulation management in different surgical settings, widely communicated and readily available'.
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RISk STRATIfICATIOn fOR peRIOpeRATIve THROMBOeMBOLISM And BLeedIng RISk
To determine an overall periprocedural anticoagulant management strategy for a particular patient, the patient's thrombosis and bleeding risk, together with the surgical risks, should be assessed (tables 1 and 2). 1 3 13-15 If the risk of interrupting anticoagulation is higher than the procedural bleeding risk, anticoagulation should not be interrupted or should at least be substituted with LMWH. 3 The CHADS2 score is calculated by scoring one point for each of congestive heart failure, hypertension, age 75 years or diabetes mellitus, and two points for previous stroke or transient ischaemic attack. 7 The American College of Chest Physicians stratifies patients for thrombotic risk in three categories: high risk (>10%), moderate risk (5-10%), and low risk (<5%). They suggest that bridging should be used in moderate-risk patients. The British Committee for Standards in Haematology has established two categories, suggesting high-risk patients for bridging. 7 Perioperative thromboembolism risk depends both on patient characteristics and the type of surgery/procedure. 1 It has been shown that active cancer is an independent predictor of thrombotic recurrence. 1 For the type of surgery, neurological or vascular surgery confers the highest absolute stroke risk, whereas abdominal-pelvic surgery has the lowest risk. 1 Prior bleeding, a mechanical mitral valve, heparin bridging resumed <24 hours after the procedure, and active cancer are independent predictors of periprocedural bleeding. 1 The surgical bleeding risk determines whether anticoagulant therapy needs to be interrupted and the timing of preoperative and postoperative resumption of an OAC.
14 It also determines the timing of the postprocedural resumption of heparin bridging.
pReOpeRATIve dISCOnTInuATIOn Of nOACS
The timing of preoperative NOAC interruption to ensure a minimal or non-residual anticoagulant effect at surgery is based on the elimination half-life of the NOAC, patient renal function and its effect on NOAC elimination, and the bleeding risk associated with planned surgery and anaesthesia. 5 13 It is critical to ensure that the time of discontinuation for each agent in question is consistent with its delay in drug clearance. 3 NOACs should not be used in patients with moderate to severe hepatic impairment owing to a paucity of data about their use in patients with intrinsic coagulation abnormalities. 16 In patients who have developed severe hepatic impairment in the periprocedural setting, NOACs should be discontinued and not restarted in the postoperative setting. 3 The latest data suggest that selected minor procedures can be safely performed either without interruption of NOAC therapy or with interruption on the day of the procedure to avoid peak effects. 5 14 Even dabigatran, which has the longest halflife among NOACs, loses much of its anticoagulation potency 24 hours after the last dose, with drug concentration dropping to approximately 25% of peak serum drug concentration. 3 For procedures with a minor bleeding risk, the 'updated EHRA practical guide for the use of non-VKA oral anticoagulants' recommends that the last dose of NOAC be taken 24 hours before the elective procedure in patients with normal kidney function. 13 In procedures that carry a risk for major bleeding, the recommendation is to take the last NOAC 48 hours before the procedure. 13 For the three currently available NOACs, the Spanish Forum on Anticoagulants and Anaesthesia proposes a preoperative period withdrawal that covers at least three halflives of any one of these three drugs. 15 Spyropoulos et al 14 suggest an interval of two to three drug half-lives between the last NOAC dose and low-bleeding risk procedures and an interval of four to five drug half-lives when the bleeding risk is high. This means that the last NOAC dose will be taken 2 days before surgery in patients undergoing low-bleeding risk procedures and 3 days before surgery when the bleeding risk is high. An additional 1-2 days of interruption is required in patients receiving dabigatran with an estimated glomerular filtration rate (eGFR) of <50 mL/ min.
14 The use of the upper limit of the half-life to calculate the time off for Review each individual drug without using bridging anticoagulation is recommended. 7 Table 3 shows the different recommendations of selected authors. 1 3 4 13 14 17 Some authors lengthen the interruption of dabigatran with an eGFR of <80 mL/min while others recommend lengthening the interruption with an eGFR of <50 mL/min. For rivaroxaban and apixaban, all the authors, with the exception of one, recommend more days of interruption for a patient with renal impairment.
Elective surgery should be postponed for a minimum of 4-6 weeks after bare metal stent implantation (preferably 3 months) and 6 months after drug-eluting stent implantation (preferably 12 months), after which point surgery should proceed.
pOSTOpeRATIve ReInTROduCTIOn Of nOAC
The first dose of NOAC after surgery should be given in the early postoperative period 'as soon as possible' when surgical bleeding risk is under control 15 and once haemostasis is restored. 3 17 Specific recommendations vary from 4-6 hours after surgery in good haemostasis procedures 18 or to restart 6 13 or 12 hours after surgery. 12 Several authors agree with the following suggestions: for postprocedural NOAC therapy resumption, wait for approximately 24 hours after low-bleeding risk procedures and 48-72 hours if the bleeding risk is high. 1 5 7 14 16 In the intervening period, prophylactic LMWH may be given.
uRgenT SuRgICAL InTeRvenTIOn
NOACs should be discontinued if an emergency intervention is required. 13 Surgery or intervention should be deferred, if possible, until at least 12 hours 18 and ideally 24 hours after the last NOAC dose. 13 Surgery with a high-bleeding risk should be postponed for at least one to two drug half-lives. 7 17 It is very important to know the exact time of the last dose of NOAC. 15 Spinal or epidural anaesthesia should only be used in emergency surgery when there is certainty of no anticoagulant activity. 5 7 There is currently only one approved antidote to reverse the effects of dabigatran. The use of concentrated prothrombin complex and recombinant activated factor VII has been suggested for urgent reversal of the anticoagulant effect. 19 Moreover, 'the use of these pro-haemostatic agents should be restricted to patients with life-threatening bleeding unable to be managed with supportive measures alone'.
peRIOpeRATIve BRIdgIng
The decision to bridge patients at high-risk for thromboembolism should be based on individual surgical and patient characteristics, including the risk of bleeding and the length of NOAC interruption. 3 The BRIDGE investigators found that in patients with AF who require perioperative interruption of warfarin treatment for an elective procedure, a strategy of discontinuing warfarin treatment without the use of bridging anticoagulation was non-inferior to the use of bridging anticoagulation for the prevention of arterial thromboembolism. 20 In addition, bridging conferred a risk of major bleeding that was nearly triple the risk associated with no bridging. 20 The findings from the BRIDGE trial as well as from non-randomised studies suggest that the perioperative risk of arterial thromboembolism in patients with AF during interruption of warfarin treatment may have been overstated and may not be mitigated by bridging anticoagulation. 20 These investigators state that the trial findings may also apply to the newer agents, such as NOACs. 20 In general, perioperative heparin bridging is not needed in NOAC-treated patients who require an elective surgery/procedure because of the rapid offset and onset of NOACs. 1 However, heparin bridging may have a role in patients with high thromboembolic risk, especially where there is impaired intestinal absorption (owing to intestinal surgery) or an inability to take oral medications. 1 When the oral route may not be feasible for several days, especially when the risk of bleeding is low but the risk of thrombosis is high, the use of postoperative bridging with a parenteral anticoagulant should be planned accordingly. 3 Patients who are unable to tolerate oral intake can receive prophylactic LMWH. 5 In cases of severe renal impairment when unprotected times exceed 96 hours owing to interruption, bridging can be considered. 3 LMWH is considered the best bridging treatment in most cases. In patients with a GFR of <30 mL/min, the LMWH dose should be reduced, and the monitoring of anti Xa levels is suggested. 7 Unfractionated heparin (HNF) constituted an alternative to LMWH in patients with renal impairment. 7 The dose of LMWH (prophylactic or anticoagulant) should be based on the thrombotic risk of each patient. 15 Therapeutic-dose heparin bridging therapy should be reserved for patients with a mechanical heart valve with high thromboembolism risk features and possibly, for a selected group of high-risk patients with AF, comprising those with a recent (within 3 months) stroke/transient ischaemic attack or a CHADS2 score of 5 or 6. Van Veen et al 7 suggest that all patients with mechanical valves, except those with aortic bileaflet valves without other risk factors for stroke, should be considered for bridging.
The French Working Group on Perioperative Hemostasis and the French Study Group on Thrombosis and Hemostasis (GIHP and GEHP) propose that LMWH should be started 12 hours after the last dose of NOAC, if it is to be administered twice a day, or 24 hours after the last dose of NOAC, if it is to be administered daily. 15 The last therapeutic anticoagulant dose of LMWH should be administered 24 hours before surgery and should be half the total dose if it was given once daily. 12 15 The last dose of thromboprophylactic LMWH should be given 12-24 hours preoperatively. 15 21 Given the growing concern about haemorrhagic complications associated with bridging, it is considered that bridging should be used only in patients who are at the highest risk of thrombosis. 7 In summary, high-risk patients should be considered for bridging; moderate-risk patients may be considered for bridging in procedures that do not have a high bleeding risk; and low-risk patients do not require bridging.
neuRAxIAL pROCeduReS
Patients receiving NOACs, like those who are receiving other anticoagulants, are at risk of developing epidural or spinal haematoma when neuraxial anaesthesia is used. Patients should be monitored carefully for symptoms and signs of neurological impairment. 5 Given the limited data available concerning NOAC use and epidurals, some authors suggest strict adherence to manufacturer recommendations. 3 Procedures such as spinal anaesthesia, epidural anaesthesia, and lumbar puncture are high-risk bleeding procedures and may require complete haemostasis function. 13 Tran et al 5 state that while there is no evidence regarding the safety of neuraxial anaesthesia in patients therapeutically anticoagulated with a NOAC, it cannot be recommended. In this situation, neuraxial anaesthesia should be avoided until laboratory testing establishes the absence of its anticoagulant effects, where available 13 18 or five renally adjusted half-lives of the drug have elapsed. 5 In emergency surgery, neuraxial anaesthesia is contraindicated unless laboratory results have demonstrated the absence of significant anticoagulation. 7 Factors that increase the risk of spinal haematoma were identified as lack of guidelines, administration of antithrombotic agents, female sex, difficult punctures, 21 indwelling epidural catheters, concomitant use of drugs that inhibit platelet function, traumatic or repeated epidural or spinal punctures, and a history of spinal deformity or surgery. 22 The risk of haemorrhage is lowest in spinal anaesthesia that uses fine needles and highest in epidural catheter anaesthesia, which requires the largest needle gauges available. Nearly half of all cases of bleeding occur during the removal of an epidural catheter and this procedure must be regarded as critical as catheter insertion. The neuraxial procedure should coincide with the lowest anticoagulant blood level. 21 The European Society of Anaesthesiology (ESA) establishes the time interval between cessation of medication and neuraxial blockade at twice the elimination half-life of the drug as shown in table 4.
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The recommended time intervals apply only to patients with normal renal function; for those known to have reduced renal function, either dose adjustment or longer time intervals are required. 21 The American Society of Regional Anesthesia and Pain Medicine (ASRA) recommends a five half-life interval between discontinuation of the drug and neuraxial pain procedures. If the risk of VTE is high, then bridge therapy with LMWH may be instituted. 'It should be noted that 25% of the drug still remains in the plasma after two half-lives, but only 3% remains after five half-lives' (table 5).
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THeRApeuTIC dRug MOnITORIng
An accurate, reliable, and widely available assay is not yet available for this class of medication but from a clinical perspective, it would be very useful. 3 If diluted thrombin time is available, it is suggested that it be used as a quantitative measurement of the anticoagulant effect of dabigatran. 1 7 13 The thrombin time is the most sensitive routine coagulation assay for determining if any dabigatran is present. 13 17 The prothrombin time is the most sensitive routine coagulation assay for determining rivaroxaban. 13 17 The drug-specific anti-factor Xa chromogenic assay is necessary for accurately estimating the anticoagulant effect of apixaban. 5 In a recent review, Hidalgo et al 19 stated that routine blood coagulation tests, such as the prothrombin time and activated partial thromboplastin time, have a limited efficacy in the perioperative control of blood coagulation in these patients. Moreover, it has been concluded that there is no evidence for or an established role of NOAC monitoring to improve clinical outcomes in periprocedural settings. 13 
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COnCLuSIOn
The development of local guidelines is essential to manage patients receiving NOACs who either require an elective procedure or surgery, present bleeding, or require urgent surgery. Different perioperative strategies have been suggested for pre-and postoperative management of NOACs, the need to use bridging therapy, and the proper use of NOACs in neuraxial procedures. In general, American guidelines suggest longer cessation intervals of these drugs than the European guidelines. Depending on the source consulted, the recommendations for neuraxial procedures and preoperative interruption of NOAC for patients with renal insufficiency were found to be extremely different. The availability of reversal agents and the development of specific monitoring tests for these drugs will enable safer perioperative management with shorter interruption intervals.
